Abstract. The high cross-section for squark and gluino production at the LHC allows the search for rare cascade decays of the squarks, thus giving access to a large spectrum of SUSY sparticles. In the framework of minimal SUGRA we investigate the possibility of detecting the heavier gaugino statesχ 0 4 andχ ± 2 through their decays to sleptons. The characteristic final state signature of two leptons with opposite sign and same flavour allows the signal to be discriminated from the dominant SUSY background, yielding a significant reach in the mSUGRA parameter space.
Introduction
If supersymmetry is discovered, the main task of the experiments will be the unravelling of the pattern of supersymmetry breaking through a measurement of the model parameters at the weak scale.
The study of the production and decay of the superpartners of the gauge bosons is a privileged path toward the achievement of this program. Consider the neutral gauginohiggsino sector for example. In the Minimal Supersymmetric Standard Model (MSSM), assuming a CP −conserving scenario, the SUSY partners of the neutral gauge and higgs bosons:
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Where M 1 and M 2 are respectively the U(1) and SU(2) gaugino masses, µ is the higgsino mass parameter, tan β = v 2 /v 1 is the ratio of the vacuum expectation values of the two higgs doublets of the model, s W and c W are respectively the sine and cosine of the electroweak mixing angle θ W , and m Z is the mass of the Z boson. The fundamental parameters entering the mixing matrix will be thus constrained through the measurement of the gaugino masses and branching ratios. Following the previous detailed studies of SUSY phenomenology at the LHC, we concentrate here on the constrained version of the MSSM where supersymmetry breaking is mediated by the gravitational interaction (mSUGRA). In this model all the masses and couplings of the sparticles are determined by four parameters: m 0 and m 1/2 , respectively the universal scalar mass and the universal gaugino mass at GUT scale, a universal trilinear term A, tan β and the sign of µ. We use the specific implementation of the model available through the ISASUSY program [4] . In mSUGRA, for the range of parameters relevant for this analysis, |µ| > M 2 . After diagonalization of the gaugino mixing matrices the lighter charginos/neutralinos are essentially gauginos and preciselỹ χ are almost pure higgsinos. Therefore the measurement of the masses of the lighter gauginos mostly constrains the M 1 and M 2 parameters, and it only yields very loose constraints on the other elements of the mixing matrix. In order to resolve completely the matrix using only the lighter gauginos, additional detailed information on the gaugino production mechanisms is needed, for example from a future high energy e + e − collider [5] . At the LHC, most of the gauginos are produced in the decays of squarks and gluinos, and typically in mSUGRA,
so that the phenomenology and hence the experimental studies are dominated by the lighter gauginos [2, 3] . The LHC will however provide a very high statistics sample, which for one year at high luminosity will correspond to a few 10 5 SUSY events for squark/gluino masses of ∼ 1 TeV. It is therefore conceivable to try to study the rare decays of the squarks into the heavier gauginos.
After diagonalization of the mixing matrix in mSUGRA theχ 0 3 is almost exclusively higgsino, with a very small gaugino component, but theχ 0 4 has typically some gaugino admixture, yielding a significant coupling to theq L and a smaller, but significant coupling to theq R . The same is true for theχ + 2 . By taking as an example tan β = 10, A = 0 GeV, µ > 0, we show in Figures 1 and 2 the branching ratios ofd L into respectivelỹ χ 0 4 andχ ± 2 in the (m 0 , m 1/2 ) plane, calculated with ISAJET [4] . As can be seen from the figures, the decays into heavy gauginos have a branching fraction of a only a few % over most of the parameter space. We therefore need to identify a clear signature which allows the separation of these decays from the overwhelming background from squarks decaying into the lighter gauginos.
For theχ 0 2 measurement the best SUSY signature is the edge in lepton-lepton invariant mass from the decay chain [2] :
The clear kinematic structure gives a precise measurement of the kinematic end point of the lepton-lepton invariant mass. The dominant background from uncorrelatedχ
decays yields an equal number of Opposite-Sign Same-Flavour (OS-SF), and OppositeSign Opposite-Flavour (OS-OF) lepton pairs, whereas the signal only consists of OS-SF lepton pairs. A clean distribution of the lepton-lepton invariant mass for the signal can thus be obtained by subtracting the mass distribution for OS-OF pairs from the one for OS-SF pairs. A similar signature can be exploited for the decay of the heavier gauginos. The uncorrelated decays can still be subtracted using lepton flavour correlation, and the background fromχ 
The coupling of theχ 0 4 and of theχ ± 2 to˜ R and˜ L is again determined by respectively the amount of bino and wino components in the gauginos. The branching ratios can be up to a few percent depending on the mSUGRA parameters.
The numbers of events produced in one year of high luminosity running at the LHC (100 fb −1 ) containing the decay chains [D1]-[D4] were calculated using ISASUSY [4] for the branching ratios and PROSPINO [6] for the leading order production cross-section. 
Event Simulation
The SUSY events were generated with HERWIG 6.4 [7] , and passed through ATLFAST [9] , a parametrized simulation of the ATLAS detector.
The Standard Model backgrounds were generated with PYTHIA 6.1 [8] . The Z+jets background can not be subtracted using the lepton subtraction procedure. Therefore for this channel the PYTHIA results were cross-checked using the ALPGEN generator [10] for the production of Z+2 jets. The two generators give statistically consistent estimates of the residual background after cuts. A complete analysis was performed for the ten points in mSUGRA parameter space shown in Table 1 . Point A corresponds to the SPS1a Point [11] , and Point B is a variation on Point 5 which is the reference model for most of the previous ATLAS studies.
The choice of the additional Points, shown as black dots in Figure 5 is meant to explore the reach of the ATLAS experiment for this signature, in particular following two directions in parameter space offering somewhat different phenomenologies:
• scan along m 0 = 100 GeV to study the region with dominantχ 
given by the expression:
This is illustrated respectively in Figures 6 A special case, illustrated in Figure 7 happens for the high m 0 region near the kinematic limit for the decay. In this case theχ ± 2 decays are dominant, and the invariant mass shape can present a sharp edge from [D4] followed by a lower statistics tail from theχ 0 4 decays.
Data Analysis
Given the low signal statistics a set of tight analysis requirements are applied in order to reduce the Standard Model background below the SUSY background from uncorrelated gaugino decays. We require:
• Exactly two isolated OS-SF leptons with transverse momenta P T (l1) > 20 GeV, P T (l2) > 10 GeV
• Total missing transverse momentum P miss T > 100 GeV
• At least four jets, P T (j1) > 150 GeV, P T (j2) > 100 GeV, P T (j3, j4) > 20 GeV
The lepton isolation criterion consists in requiring a transverse energy deposition in the calorimeters smaller than 10 GeV in a (η, φ) cone of radius 0.2 around the lepton direction, where η is the pseudorapidity of the lepton and φ the angle in the plane transverse to the beam. The variable M T 2 is defined as:
where the minimisation is performed over all the pairs of vectors in the transverse plane / p 1 , / p 2 such that their vector sum is the missing transverse momentum / p T , and
This variable is a special case of a variable first proposed in [12] and discussed in detail in [13] . The basic idea is that when an events contains two equal particles, both decaying to a neutrino and a visible particle, the maximum value that M T 2 can assume is the mass of the parent particle. Therefore fortt, the M T 2 stops at ∼ 80 GeV, as shown in Figure 8 , whereas the signal does not present a specific structure. Thett background is thus strongly reduced by the cut on M T 2 . A significant reduction is also obtained for the SUSY backgrounds where the two leptons are produced in the decays of two different squarks, and therefore the M T 2 distribution contains information on the kinematics of the two decays. After these cuts, the SM background is 70 events, of which 42 are fromtt and 28 from Z+jets for an integrated luminosity of 100 fb −1 . This is well below the SUSY background which, for the considered points is between ∼250 and ∼600 events. The Z+jets background is however mainly made of flavour-correlated lepton pairs from off-shell Z * /γ * production, and still pollutes the signal after opposite-flavour lepton subtraction. By raising the cut on m to 120 GeV, this background is reduced to less than 6 events. It is however worth to point out that for a complete estimate a study based on a full Z+4 jets event generator will be needed. The efficiency for the signal after cuts is between 20 and 30 %. The requirement of exactly two leptons allows for a cleaner subtraction of the background for uncorrelated leptons at the price of a significant loss in signal statistics.
The invariant mass distribution for OS-SF and OS-OF lepton pairs is shown in Figures 9, 10 , 12 and 13 for Points A and E respectively, both in logarithmic and in linear scale. A clear excess is seen in the OS-SF spectra. The m spectra after subtraction are shown with errors including the fluctuation from the subtraction procedure, superimposed on the expected signal shape in Figures 11 and 14 for Points A and E respectively.
We define here the statistical significance as S/ √ B, where S is the number of signal events and B the number of background events. In order to evaluate the significance of the signal, for each considered model point a different mass window was chosen, with the aim of maximizing the significance. For each point the number of signal and background events inside the selected mass window are listed in Table 2 . Interpolating the significances of the studied points, an approximate region in the (m 0 , m 1/2 ) where the signal is detectable at the 5 σ level can be drawn, and is shown in Figure 15 . By comparing the reach with the lines giving the regions with equal numbers of signal events, also shown in the figure, one can observe that the signal detection is much easier in the low m 0 region whereχ 0 4 dominates over theχ ± 2 . This is due to the fact that the invariant mass distribution of the background falls rather quickly with increasing m . Therefore theχ ± 2 signal, which has edges at lower masses is much more affected by background fluctuations.
Gaugino mass measurement
A statistically significant signal from the leptonic decays of the heavier gauginos is accessible for a region of the mSUGRA parameter space, as discussed in the previous section. The excess observable in the m distribution for OS-SF pairs has an end point which is connected to the masses of the sparticles taking part in the decay through equation 2. The edge structure does, however, involve up to four independent decay channels, as discussed in Section 2, and the definition of the decay yielding the outermost edge requires additional information. For most model choices yielding a signal for the heavy gauginos, the masses of the lighter sparticles will be measured by different analyses. In particular the study of theq L decays toχ 0 2 will yield a measurement of the masses of˜ R ,χ . The study of direct slepton production will give information on the mass of˜ L [14] , also yielding constraints on the sneutrino mass. Starting from this information, it should be possible to translate the position of the observed end-point into a constraint for the mass of either theχ 0 4 orχ ± 2 . In the most favorable cases a detailed fit will be performed on the observed excess, yielding an estimate of the relative production rates of the four channels, and the masses of thẽ χ 0 4 andχ ± 2 . A further ambiguity in the interpretation of the results is the possibility, in a different SUSY breaking scenario than the one considered in this paper, that the detected signal is from the decay of theχ 0 3 . All these possibilities should be considered when using the results of this analysis in a global fit of the SUSY parameters.
We perform here a simple approximate estimate of the achievable statistical precision on the position of the outermost edge of the OS-SF lepton invariant mass spectrum. The method is the following:
• the background-subtracted signal is binned in fine mass bins (2 GeV);
• the bins are grouped in a wider sliding window (20 GeV), for increasing values of m ;
• when the content of the sliding window falls below a given number of events (5-10), the lower edge of the window is taken as the estimate of the edge position.
The choice of the binning, of the size of the window, and of the threshold values on the number of observed events of course do affect the position of the measured edge. The values given above are approximately appropriate for Point A and for the considered luminosity (100 fb −1 ). A detailed understanding of the lepton momentum resolution and a careful simulation of the expected edge shape are needed to translate the measured numbers into an actual edge measurement. The statistical precision of the method can be studied through a set of Monte Carlo experiments. For each experiment the signal and background invariant mass distributions are obtained by fluctuating the distributions obtained from the detailed event simulation according to Poisson statistics. The end point of the distribution is then evaluated by applying the algorithm described above to each Monte Carlo experiment.
This method was applied to Points A and E. We show in Figure 16 for Point A the distribution of the measured edge value for a set of 10k experiments respectively for thresholds of 5 (left) and 10 (right) events. In a small number of cases, for extreme high fluctuations of the background, the cut at 5 events yields an evaluation well above the nominal value. Exploiting the comparison with the estimate for a cut of 10 events, the fluctuations can be detected as such, and the statistical error on theχ 0 4 edge can be evaluated to be ∼ 4 GeV for an integrated luminosity of 100 fb −1 . Comparable results are obtained for Point E.
Conclusions
An excess in the invariant mass of (OSSF-OSOF) lepton pairs due to squark decay intõ χ 0 4 andχ ± 2 can be observed over a significant part of the mSUGRA parameter space for 1 year at high luminosity at the LHC.
After cuts the signal is at most a few hundred events, and its detectability relies on the possibility of subtracting the backgrounds exploiting the correlation of the lepton flavours in the signal.
The end-point of the lepton-lepton invariant mass distribution for the observed signal can be measured with a precision of a few GeV. Using this measurement, constraints on the masses of the heavier gauginos can be extracted. Additional information is available from the shape and the number of events in the observed excess. By including measurements from other measured decay chains, it may be possible to disentangle the complex structure of the signal to further constrain the parameters of the gaugino mixing matrix. Figure 16 . Distribution of estimate of edge position for Point A, requiring respectively >5 (left plot) and >10 (right plot) events in sliding window for 10k Monte Carlo experiments. The assumed integrated luminosity is 100 fb −1 . The nominal position of the edge is 283 GeV.
